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ABSTRALT

This report contains the vesults of a radiological survey of selected
locarions in Niagara Falls, New York, These locations include: 83pd
Street School, 99th Street School, 66th Street School, Niagara Falls
Catholic School, and the South Section of Love Canal. The survey was
performed at the request of the Director of the Environmental and Safety
Engineering Division at the Department of Energy (DOE Headguarters),
Results indicate that seversl lecarvions in Niagara Falls contain areas
of low-level contanmination (15 to 20 times background) that were once or
are presently asphalted with a bedding of rock-slag material {cyclowollastonite)
that probably originated from an electrochemical process that used
uranium-bearing raw materials. [t is also possible that some of this
material has been mixed with other rock and gravel and used as fill or
for purposes of surface stabilization.
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INTRODUCTION

At the request of the Director of the Environmental and Safety
Engineering Division, Department of Energy Headguarters, a series of
radiation measurements and soil radionuclide analyses were made at five
locations in Niagara Falls, New York. The purpose of this brief investi-
gation was to assist the New York State Department of Health (NYSDH) in
determining the type and magnitude of radioactivity present at these
locations, to determine if the radiocactivity at these locations was the
result of contract activities by the former Manhattan Engineer District
(MED} or Atomic Enmergy Commission (AEC), and to determine if a formal
survey would be recommended.

The survey was performed by ¥F. F. Haywood and W. 0. Cottrell of the
Health and Safety Research Division at Oak Hidge Naticnal Laborstory
{ORNL) and D. A. Dooley of the NYSDH {(Love Canal and 99th Streetr School
on September 23, 1978, and 93rd Street School on August 23, 1978, and
September 9, 1978). Results from these earlier surveys indicated that
elevated external gamma-exposure rates and low-level radicactive contam-
ination were present at these locations.!»? This survey was performed
at those three locations in support of the NYSDH findings. During the
present survey of these three locatiens, requests were made by local
residents to perform additional surveys at the 66th Street School and
the Niagara Falls Catholic School. Survey results at these additional
two locations are ipncluded in this rvepori. Soil and rock ssmples were
also obtained and analyzed from three other locations: middle gate
entrance of Hooker Chemical Company on 10Znd Street; inside furnaces at
the former Oldbury Electrochemical Company at 47th Street and Buffale
Avenue; and LaSalle Junior/Senior High Scheols on 76th Street and Buffalo

Avenue.

RADIOLOGICAL SURVEY METHODS

Several methods were used to characterize the radiological status
of these sites. A portable survey meter with an attached Nal scintilla«
tion probe was used to determine external gamma~-exposure rates. Measure-

ments were made at 1 m above ground surfaces. Surface andfor subsurface
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soll and rock samples were dried, pulverized and radionuclide content
was determined from gamma spectrometry analyses using a Ge{(Li) detector
(see Appendizx 1)}. The 2380 concentration was determined by neutron
activation by the Analytical Chemistry Division at ORNL.® Jineral content
of the soil and rock sawples (petrographic analyses) was determined by
X~ray diffraction performed by Bendix Field Engineering Corporation of
Grand Junction, Colorads.

For purposes of comparison, background levels for external gamma
exposure rates range from 5 to 10 pR/hr.% Concentration of 22®Ra in soil
samples taken from this region range from 1.1 to 3.6 pCifg (XNFS13 and
NF814, Table 1). The only applicable federal guidelines relative to the
ORNL radiclogical survey measurements pevformed at these sites are for
continuous exposure to gamma radiation to an individual in the population
(whole body).® Camma exposure rate, according to these guidelines, may
not exceed 60 uR/hr.

93rd Street School Site

In previous surveys, elevated external gamma exposure rates were
found at a vacant lot south of the school property.? Levels as high as
60 uR/hr were observed. Thirteen soil and rock samples, taken at various
depths, were obtained from five sampling locations (see Fig. 1) and
analyzed for radionuclide content. Soil samples were taken at locations 1,
2, 4, and 5 (11 samples) where elevated external gamma exposure rates
vere observed. Two soill samples were obtained at location 3 where exter~
nal gamma exposure rates were near normal background levels. Samples
taken from locations 1, 4, and 5 were sent to Bendix for petrographic

analyses.

9%th Street School Site

This area was located within the Love Canal area, and was previously
surveyed by the NYSDH.' Nine soil and reck samples, taken at various
depths, were obtained from five sampling locations (see Fig. 2} and
analyzed for radionuclide content. All five sampling locations were

selected where elevated external gamma exposure rates were ohserved.
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Soil and rock samples were collected at locations 7, 8, and 9 in the
grassy area where run-off from the adjecent pad collected. §ilt was
collected at location 10, which was the lowest point on the asphalt pad.
Asphalt, rock, and soil were collected at location 6. Samples from

locations 6 and 7 were sent to Bendix for petrographic analyses.

66th Street School Site

External gamma exposure rate measurements were taken at thig site.
The site was traversed at approximately 50-ft intervals, and the average
and maximum levels were vecorded. Soil and rock samples were not taken
at this site at the time this survey was performed; however, on Novem=
ber 12, 1978, D. A. Dooley obtained two samples from the locations

indicated. in Fig. 3 and sent them to ORNL for radionuclide analvses.?

Niagara Falls Catholic School Site

A walk-over external gamma radiation survey was performed at thisg
site. This school is located one block south of the 66th Street School.
Soil and rock samples were not taken at this site at the time this survey
was perfo;med; however, on November 12, 1978, D. A. Dooley obtained a
rock sample at the location indicated in Fig. & and sent it to ORNL for

+ = bl
radionuclide analyses.®

Love Canal -~ South Section

In previous surveys by NYSDH,' elevated external gamma exposure rates
were found at various locatiens in the Love Canal. During this survey,
several external gamma exposure rate measurements were made at the south
end of Love Canal. A rock and soil sample was taken from location 11 at
this site (see Fig. 5). This sample was also sent to Bendix for petro-

graphic analyses.
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Gther Locations

Location 12. A rock sample was collected on September 11, 1978, at
the middle gate entrance of Hooker Chemical Company on 102nd Street (see
Fig. 5). Radionuclide and petregraphic analyses were performed on this
sample.

Location 14. A slag sample was obtained from inside the furnaces
at Oldbury Electrochemical/Hooker Chemical Company at 47th Street and
Buffalo Avenue in Niagara Falls. This sample, collected by D. A. Dooley?®
and sent to ORNL on November 12, 1978, for radiocnuclide analvses, was
sent to Bendix for petrographic analyses.

Location 18. A rock sample from LaSalle Junior/Senior High Schools
at the cornec of 76th Street and Buffalo Avenue in Niagara Falls was
collected by D. A. Dooley and sent to ORNL for radionuciide gnalyses on

November 12, 1978,

SURVEY RESULTS

43rd Street School Site

Results of radionuclide analvses of soil and rock samples are listed
in Table 1. The "background” samples at location 3 (see Fig. 1) con-
tained 3%y and %2%Ra concentrations of 1 to 3 pCi/g. Other locations
had concentrations up to 18 times background for these radionuclides.
Bendix petrographic analyses of samples ¥FS5-16 (loecation 4) and NF5-22

{location 1), were identified as cyvclowollastonite (Ca8i04) (see Table 2).

An example of X-ray diffraction results of a typical sample composed of
cyclowallastonite from a Niagara Falls location is compared teo two Jdif-
fraction standards in Table 3.  Sample NFS-18 {location 5) was alsec

anaiyzed by Bendix, whe identified the sample as sandstone (see Table 271,

99th Street School Site

Results of radicnuclide analvses of soil and rock samples are listed
in Table 1. Locations & and 7 (see Fig. 2) had 238y aund 226R4 concentra-
tions that were up to a factor of 18 times that of background concentra-

tions for 238U and *2%Ra. Locations 8, 9, and 10 had concentrabions of
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238y and 2%%Ra that were not significantly different from background
levels, however, a scil sample at location 8 had }37Cs concentrations of
15 pCifg (typical background concentrations are less than 1 pCi/g for
137¢s in New York). Locations 7, 9, and 10 also contained significantly
higher concentrations of '37Cs, Bendix petrographic analyses of samples
NFS=-3 (location 6) and NFS-9 (location 7) identified their predominant

mineral content as cyclowvollastonite (see Table 23,

&6th Street School Site

Results of external gamma exposure rate measurements are illustrated
in Fig. 3. Readings as high as 30 to 40 uR/hr were observed at specific
locations on the asphalt pad adjacent to the school.

Results of radionuclide analyses of soil and rock samples are listed
in Table 1. Sample NF5-27 (location 15) had 238U and “?%Ra concentra-
tions that were approximately a factor of 18 times background concentra-

tions and soil sample NF$-28 had a '37Cs concentration of 4.0 pCi/g.

Niagara Falls Catholic School Site

External gamma exposure rate measurements resulted in radistion
levels as high as 50 pR/hr at specific locaticns. Results of radio-
nuclide analyses of the vock samples NFS-29A and NFS-29B taken at loca-
tion 17 {see Fig. 4} are listed in Table 1. A concentration of 46 pCi/g
of 2?2%Ra was determined for NFS-294 and the %3%U concentration was
51 pCi/g. These values were roughly 17 times the background concentra-

tions of these radionuclides.

Love Canal ~ South Section

External gamma exposure rates were as high as 50 uR/hr at specific
locations. Radiation readings were comparvable to specific locations at
other sites surveyed (i.e., Niagara Falls Catholic School, 66th Street
Scheol). The activity appeared to be associated with rocks scattered

over and imbedded in the soil.
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Results of radionuclide analyses of the soil and rock sample taken
at- location 11 (see Fig. 5} are listed in Table 1. (oncentration of
228Ra and 238U were both 46 pCifg in sample NFS$-24. Bendix petrographic
analyses of sample NFS-24 identified the predominant mineral as cyvclo-

wollastonite {see Table 2}.

Other Locations

Location 12. Concentrations of *2%Ra and 2280 were 35 and 38 pCi/g,
respectively, at NFS-24 (see Fig. 5. for lecation and Table 1 for results).
These vaiues are significantly above background concentrations for these
vadionuclides. The rock sample contained !37Cs concentrations of

3.5 pifg.

Locarion 14. Concentrations of **%Ra and 2%y were 54 and 53 pCi/g,
respectively, at NFS$~26 (see Table 1}. Bendix identified the predominant
mineral as psuedowollastonite (CaSi03} im sample NFS-26 (see Table 2).

Location 18. Concentrations of 2%%Ra and %°%Y were 55 and 60 pCi/g,

respectively, at NIFS-30 (see Table 1).

DISCUSSICN

Some soil and rock samples collected at these sites {including five
schools and Love Canal) had concentrations of 226Rs and 2%%0 15 to 20
vimes typical background concentrations (sse Table 1).

Locations showing elevated levels of external gamma radiation
(factors of 5 or 6 above background and equaling NRC guidelines) and high
22%Ra and 238y concentration in the soil and rock gamples were asszociated
with either asphalted areas (parking lots and playgrounds) or locations
with numerous broken rocks on or near the soil surface. Two locations
not cevered by asphalt were in the vacant let adjacent to 9%vd Street
School and the south section of Love Canal. It was determined thar the
93rd Street site had previously been a govermmeat housing project with
numerous asphalted parking aress. The asphalt was removed, leaving the
gravel bedding underneath. The Love Canal was a filled area aund had
received fill material from various sources. The rock samples adjacent

to and immediately beneath the asphalt at the 99th Streer School, the
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66th Street School, and Niagara Falls Catholic School were similar in
appearance to those found at 93rd Street School and at the south section
of Love Canal. It may be concluded that the contaminated material found
on this survey was used for gravel bedding underpeath several areas that
were asphalted at some earlier period in Niagara Falls history. L

Essentially all of the contaminated rock samples at these sites had
the same concentrations of 228Ra and 238U (see Table 1). The “*%Ra and
2381 concentrations in all of the seoil and rock samples were either at
background (1 to 3 pCifg) or between 35 to 55 pCi/g. This suggests that
the rocks probably eriginated from a singular source. Alse, tu mayv be
cbserved that the concentration of 228U and ?%%Ra in cach sample was
approximately equal. This indicates that *°%°U and 228%y gre nearly in
secular equilibrium. It seems that whatever the source of these rocks,
they may not have been involved in uranium or radium recovery processes.

1t was observed that these contaminated rocks at all the sites sur-
veyed were similar in appearance by having what appeared to be voids as
if from gas bubbles. Petrographic analyses {see Table 2} revealed the
predominant mineral from contaminated samples was cyvelowollastonite
{psuedowollastonite). This mineral is a synthetic compound often found
as a waste material, nmamely slag, from thermal processes for production
of elemental phosphorous. The veids in the samples are characteristic
of slag material from furnaces. Cyvclowollastonite~psuedowcllastonite is
formed at temperatures above 1200° C from wollastonite.

The sample (locvation 14 — NF3~26} obtained from the furnsce at the
Oidbury Electrochemical Company {presently owned by Hooker Chemical
Company) was similar in appearance, radionuclide concentration, and
mineral content to ather samples obtained at the other sites surveved.
This may suggest this location as a possible source of the contaminated
material, but evidence for this coanclusion could Galy'be circumstantial.

Samples NFS-1 (location 10) and NFS-7 (location 8) at the 99th Streec
School site had elevated concentrations of 37Cs (8.4 and 15 pCi/g,
respectively). Typically, background concentrations of '37Cs are less
than 1 pCi/g in the New York State area, however, values of 15 to 18 pCi/g
of 137¢Cs have been observed in other areas of the United States in back-

ground samples. Location 10 was in an area vhere the asphalt had sunk
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with time and had become bowl-shaped in the center with run-off accumu-~
lating in the area; a silt sample was taken from this depression.
Location & was approximately 1 ft from the asphalt pad adjacent te the
bowl-shaped depression; this sample came from the top 4 in. of soil.
The elevated '37Cs concentrations noted at locations 8 and 10 are
believed to be due to the long-term accumulation of fallout deposited on
the asphalt pad and subsequent washoff to these locations. Although
fallout data for the Niagara Falls Area were not available, estimates of
fallout deposition for that latitude were usad to calculate the accumu-
lation of falleut on the asphalt pad and the subsequent concentration of
137Cs in adjacent soil (locations 8 and 10)}. These calculations were
made assuming: 85 wCi/km® to be the integrated deposition of %9§r in
the 40° to 50° lavitude band from tests up to but not including 1975%;
a mean '37Cs/9%8r vield ratio of 1.6%; an approximate mean decay time
of 12 years based on significant fallout accumulation commencing in 1954
amd an asphalt pad size of 80 m % 30 m. Further, assuming that all the
fallout was washed from the pad and was uniformly absorbed on the soil
contained in a strip 30 centimeters wide, 30 centimeters deep, and
60 weters long (the approximate length of the area that would receive
washof{ from the pad), the resulting concentration of 37Cs in the soil
would be approximately 27 pCifg. Accounting for less than 100% washeff
from the pad snd that the normally irregular deposition pattern of fallout

prevails, the & to 15 pCi/g range of '?7Cs concentration observed in soil

appears reasonable.

CONCLUSIONS

It mav be concluded that:

bk

There are several locations in Niasgara Falls that are con-
taminated with a vockv-slag material primarily comprised
of cyclowollastonite (psuedowallastonize). These locaCions
agre associated with dreas where the slag material was used
as Fill.

2. The contaminated material probably came from a singular

source where uranium-bearing oves were used, but the
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uragiuvm~-radium was net separated out, such as that found
in a phosphate separation operation.

3. {Cyclowollastonite, @& synthetic material, possibly
originated from an electrochemical process using cvclo-
wollastonite in conjunction with uranium-bearing raw
materials and was similar to that found in the Ffurnaces a:
Oldbury Electrochemical Company {now Hooker Chemical Com~
pany), which was once involved in preduction of elemental
phosphorous using thermal processes,

4. It is highly unlikely that the low-level contaminated
material. found at vavious locations around Niagara Falls
is related to MED/AEC activities at the former Uldbury
Electrochemical Company since this material probably
migrated from a chemical process unrelated to those con-
ducted under MED/AEC contracts.

5. Under present land~use conditions, the contaminated mate-
rial at these properties do not pose any significant
incresse in risk from potential health effects. However,
if land-use conditions change, a potenmtial for increased
exposure to radiation {therefore indreased risk of con-
tracting cancer) may exist,

6. The elevated '37Cs concentrations in several samples are

preobably associsted with worldwide fallout which mav have

actumulated in certain areas.

It is vecommended in light of the above conclusions that a formal
radiclogical survey be conducted at these properties. However, this
radiological survey is not necessarily the responsibility of the DOE
since the radicactive materials present at these propertiss are probably

not the result of contract activities by the MED/AEC.
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Table 2. Results of petrographic analvses of selected
samples from Niagara Falls, New York

Sample location Simpie ident%fisatign of N
Now predominant mineral
1 {93rd Street School} NFS-22 cyclswsilastanite&
4 {93rd Street School] NF5~16 cyclowollastonize
5 {93rd Street School} NFS-18 sandstone
& (99th Street School) NES-3 cyelowoilastonitve
7 (99th Street School) NFS-9 cvelowollastonite
1L {love Cannl} KFS-24 cvelowoilastonite
12 {10Znd Strect) NFS-23 cyvelowollastonite
14 {Oidbury Furnace) NFS-16 psueéowsllas;anite&

49 o . - . s . . - . .
Analyses performed by Bendix Field Engineering Corporation in
Grand Junction, Colorado.

o . Lo .
Chemical composition: CaSzOB.
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Table 3. X-ray diffraction resuits of a typical sample with
standards for mineral identification’

¢
5
i

Diffraction standard: Cyvelowollastonite

Sample NFS-23 19-248° 10-436"
@ &
d-Spacing A i!il d-Spacing A IfI} d-S8pacing Kt ijii
5.68 i5 5.67 60 5.87 10
5.73 40
5.16 10 5.16 20
4.37 13 4037 50 1.58 40
3.79 7 3,76 30 3.05 o0
3.453 25 342 70 3.4 40
3,24 100 3.23 100 3,20 130
3.21 100

2,81 af 2.81 70 R 30
2.71 10 2.70 30 2.5% 10
2.45 -0 2.44 70 2,48 50
2.36 10 2.37 30 1.35 20
2.23 i0 2,22 30 2.21 20
2,19 B Z.18 30 2,17 20
Z.00 -0 1.99 70 2,03 1
1,98 80 1.87 100 1.96 S0
1.84 20 1.83 50 1.53 30
1.72 1g .71 30 | 1o
1.69 15 1.68 30 1.68 30
1.62 20 L. 6] 50 1,60 50
1.54 15 1.52 30 1.33 16
1.48 20 i.47 50 1.49 &0
L.4] 12 1,40 38 1,40 30

.. - .
Taken from a letter to ORNL dated October 19, 1978, from Bendix
Field Engineering Corporation, Grand Junction, Colerado.

bCaS*Q*;
3

e, - P . - .
File number of standard from Joint Lommittee on Powder
Biffraction Standards.
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